The importance of land surface processes has long been recognized in hydrometeorology and ecology for they play a key role in climate and weather modeling. However, their quantification has been challenging due to the complex nature of the land surface amongst other reasons. One of the difficult parts in the quantification is the effect of vegetation that are related to land surface processes such as soil moisture variation and to atmospheric conditions such as radiation. This Finally, this study evaluates the model improvements for each simulation method.
INTRODUCTION
The land surface greatly influences the near-surface atmosphere and the studies of the land and atmospheric inter- This region has a humid climate and denser vegetation than the NAMS and SGP regions. Because of the shortterm but very frequent rainfall events in summer, it has large inundated areas with mixed forests (Bosch et al. 1999) .
Satellite data have been processed in equal-sized areas (500 km Â 500 km) for those study regions, and they are referred to as follows: NAMS, IHOP, and Tifton, GA. region, in contrast, shows a relatively more humid climate with more vegetation which is grasslands, crops, and limited trees. Tifton, GA is highly vegetated with mixed forest (e.g., pines and hardwoods) and crops (e.g., peanuts and cotton), showing wet and humid climate with highly frequent rainfalls.
Of the three study regions, the IHOP region was especially selected for the coupled model tests due to the availability of ground observations. (Njoku et al. 2003; Shibata et al. 2003) . The AMSR-E observed brightness temperatures at the 6, 10 and 18 GHz are used in conjunction with a radiative transfer model to simultaneously retrieve the surface soil moisture, Ts and VegWC. The radiative transfer model is run in an iterative fashion and these three variables are adjusted until the simulated brightness temperatures at the three channels match closely with the AMSR-E observed brightness temperatures at the same location (Njoku et al. 2003) . The algorithm derived VegWC, soil moisture and Ts global daily data is stored at the National Snow and Ice Data Center (NSIDC) website (http://www.nsidc.org/data/amsre). We acquired VegWC data from this web site for our study regions and the time period of interest.
Satellite data
NDVI is a biophysical parameter that quantifies the photosynthetic activity of vegetation by observing the ''greenness'' of the vegetation which is related to the chlorophyll abundance and energy absorption (Myneni et al. 1995; Tucker 1979) . NDVI has been widely used for various studies on dynamic land surface changes such as deforestation and drought and as an important variable to model simulations such as land surface hydrology and land-atmosphere interactions.
NDVI is derived using the normalized ratio of the red and near-infra-red surface reflectances (Tucker 1979) . MODIS also provides surface temperature (Ts), which is derived from thermal infrared data (Wan & Li 1997; Justice et al. 1998) . Surface temperature is an important variable linking evapotranspiration (ET) to soil moisture availability. Lower soil moisture and ET yield higher surface temperature and greater sensible heating of the atmosphere (Small & Kurc 2003) . We used day values (1030AM equatorial overpass) from the daily 1 km resolution Ts data of MODIS. LAI is defined as the one-sided green leaf area per unit ground area in broadleaf canopies and as the projected needle leaf area in coniferous canopies (Myneni et al. 2002) . LAI affects the fluxes of energy, mass, and momentum between the surface and the planetary boundary layer (Justice et al. 1998) . The MODIS LAI is derived from a vegetation land cover classification and MODIS surface reflectance (Myneni et al. 1997; Justice et al. 1998) . The algorithm uses six biome types which represent architecture of an individual tree and transmittance of vegetation elements.
From AMSR-E, VegWC is retrieved from a radiative transfer model in which vegetation opacity is used to derive VegWC at low frequency (Njoku & Li 1999) . The AMSR-E VegWC possibly has biased data values particularly on water bodies and bare soil areas. AMSR-E VegWC is derived from surface roughness parameter incorporating effects both of vegetation and roughness (Njoku et al. 2003; Njoku & Chan 2005) . Since roughness and vegetation have similar trends in their effects on the normalized polarization differences, the algorithm assumes the surface roughness parameter as VegWC (Njoku & Chan 2005) . However, this assumption is acceptable only for smooth surface with vegetation. For example, a non-zero VegWC value in a desert area is only due to surface roughness. To avoid this error, we selected study regions primarily not including any water bodies and bare soil areas, and assumed that the selected regions have smooth vegetated surface and are not affected by any surface roughness other than vegetation. In the case of irrigated/ flooded land surfaces, the soil moisture retrieved from the AMSR-E brightness temperature will show saturated values but the retrieval of VegWC will be unaffected.
Additionally we created a new satellite variable using VegWC and LAI. Ceccato et al. (2001 Ceccato et al. ( , 2002 found that NDVI and VegWC did not co-vary in a simple fashion, which may be attributed to differences between biomes in contrasting climatic regimes. A decrease in chlorophyll content, which is considered to reflect a decrease in NDVI, does not directly indicate a decrease in VegWC and vice versa. 
Data processing for satellite variable comparisons
All MODIS data sets used in this study have a 1 km spatial resolution while AMSR-E data is at 25 km with a different map projection type. Thus, in this study all data sets had to be resampled to be consistent with each other. All 1 km MODIS data were converted to 25 km resolution as AMSR-E data, and the different spatial projection types between MODIS and AMSR-E were changed to the same AMSR-E geographical projection. The sinusoidal projection of MODIS data sets was converted into the AMSR-E geographical projection by nearest neighbor method with the help of MODIS re-projection tool (developed by NASA), and 25 pixels of 1 km MODIS data were aggregated and averaged to compose the 25 km spatial resolution. Then each data set has been averaged for the three-month summer season (9 June to 12 September). When data sets are re-sampled, errors are inevitable. To minimize this error, we removed the cloudcontaminated MODIS data pixels based on the data retrieval quality information provided for every pixel and then analyzed the standard deviation for each process. Linear and nonlinear regression analyses were conducted to find correlations between the variables, and one of the variables was color-coded into the two-variable relationship. The value of NVegWC was color-coded in the Ts-NDVI relationship.
Model description
We used the coupled Noah/WRF model for the model tests.
This model was originally designed by Chen & Dudhia (2001) with the fifth-generation Mesoscale Model (MM5) and the (Skamarock et al. 2005) . Maintained and supported as a community model to facilitate wide use for researching and teaching in the university community, the WRF model is suitable for use in a broad spectrum of applications across scales ranging from meters to thousands of kilometers. This includes research and operational numerical weather prediction, data assimilation, and parameterized-physics research, downscaling climate simulations, driving air quality models, and etc, and also offers numerous physics options such as microphysics, surface physics, atmospheric radiation physics, and planetary boundary layer physics.
The Noah LSM used for this model-coupling approach was originally developed by Pan & Mahrt (1987) . Its hydrological physics is based on the diurnally dependent Penman potential evaporation approach (Mahrt & Ek 1984) , the multilayer soil model (Mahrt & Pan 1984) , and the primitive canopy model (Pan & Mahrt 1987) . This model has been extended with a canopy resistance formulation and a surface runoff scheme by Chen et al. (1996) and implemented into the MM5 and WRF model for the model coupling system. In the Noah LSM of the coupled model, ET is expressed as the sum of direct evaporation from ground and canopy surface and transpiration through vegetation (Chen & Dudhia 2001) .
Direct ground evaporation (EDIR) is estimated from a simple linear method (Betts et al. 1997) , and canopy surface evaporation (EC) is calculated from similar methods of Noilhan & Planton (1989) and Jacquemin & Noilhan (1990) . Vegetation transpiration (ETT) is very similar to the EC formulation, but canopy resistance is included in its calculation. The canopy resistance which has been extended by Chen et al. (1996) We set the high moisture period of the surface on between 24 and 27 May as WET period, and then the dry period before the WET as DRY1, and the one after the WET as DRY2. With this setting, we expected the sensitivity of the model response to the variation of the surface moisture condition when it goes from dry to wet period or vice versa. We set the model spinup time for each period with 48 hours: from 22 May 00:00 to 24 May 00:00 for DRY1, from 28 May 00:00 to 30 May 00:00 for WET, and from 2 June 12:00 to 4 June 12:00 for DRY2.
Model parameterization and initialization
We tested the model sensitivities to changes of vegetation parameter and soil moisture initial condition through 
where R is red infrared reflectance and NIR is near infrared 
RESULT Satellite data comparisons
We investigated how surface temperature varies with NDVI and VegWC. provides enough evidence for the conclusions reached in this study.
Coupled model tests Figure 6 shows the temporal variations of simulated land surface variables, and Table 2 NVegWC average values for each range bar. IGBP land cover units: 1. Evergreen needleleaf forests 460% cover, height exceeding 2 m, green all year; 2. Evergreen broadleaf forests 460% cover, height exceeding 2 m, green all year; 3. Deciduous needleleaf forests 460% cover, height exceeding 2 m, annual leaf on/off cycle; 4. Deciduous broadleaf forests 460% cover, height exceeding 2 m, annual leaf on/off cycle; 5. Mixed forests 460% cover, height exceeding 2 m, mixed four forest types; 6. Closed shrublands 460% cover, less than 2 m tall, evergreen or deciduous; 7. Open shrublands 1060% cover, less than 2 m tall, evergreen or deciduous; 8. Woody savannas 3060% cover, height exceeding 2 m, evergreen or deciduous; 9. Savannas 1030% cover, height exceeding 2 m, evergreen or deciduous 10. Grasslands o10% cover. Vegetation physiologically responds to high water stress condition by closing the stomata to control losing moisture and by having a deep and widely-spread root system to reach water sources in deeper soil (Cohen et al. 2005; Tanguiling et al. 1987) .
BASE case. RMSEs also increased by 30 Wm
There are also some species, especially in arid area, that store more water in leaves during rainy season (Kramer 1983) .
Weighing the actual amount of water in different plant types separately for leaves, stems, and fruits/flowers, Sims & Gamon (2003) showed that in drought deciduous shrubs contain more water in their leaves than do evergreen tree leaves. These physiological responses of vegetation have been considered as adaptation mechanism to environment (Kramer 1983) , and they would be more present in vegetation in arid regions where the water stress is a normal situation. Hence, the dominant vegetation in arid areas like the NAMS region is more likely to be adapted to their environment in a way to minimize their water loss than that in more humid area like Tifton, GA. In this study, 
